Understanding the pathophysiology of paediatric head trauma is essential for rational acute management. It has been proposed that the response to severe head injury in children differs from that in adults, with increased cerebral blood flow (cerebral hyperaemia) representing the most common cause of raised intracranial pressure, but this has recently been disputed. The relation between the pathophysiological response and time after injury has not been defined in children.
between the first and third days after injury. There was a non-significant rise in cerebral blood flow over time.
These data represent the first evidence that the temporal change in cerebral metabolic rate reported in experimental models of traumatic brain injury also occurs in patients with head injury. The changes in the pathophysiological response over time suggest that the management may need to be modified accordingly. If cerebral metabolic rate and cerebral oxygen extraction are maximal shortly after injury in children with severe head injury then the children are most likely to sustain secondary damage during this period. (3 Neurol Neurosurg Psychiatry 1995;58: 145-152) Keywords : head injury; cerebral blood flow; intracranial pressure.
Head injury is the most common cause of death and long term morbidity in children over one year of age.' 2 An understanding of the underlying pathophysiology of traumatic encephalopathy is fundamental to improving its acute management. Most clinical studies have involved mainly adults, however, with children representing only a small proportion of the study populations.
It has been proposed that the pathophysiology of paediatric head injury differs from that in adults, with increased cerebral blood flow (cerebral hyperaemia) occurring more often in children. This hypothesis was first advanced by Bruce et al, who suggested that in children increased cerebral blood flow led to increased cerebral blood volume and thus to raised intracranial pressure. These authors recommended that comatose children with head injury should be electively hyperventilated to reduce cerebral blood flow35 and that mannitol should be avoided,5 as this might increase cerebral blood flow by decreasing blood ViSCOSity. 6 The recommendations advanced by Bruce et al-5 have been widely published in books and review articles.5 [7] [8] [9] A recent study of cerebral blood flow in children and young adults with head injury, however, failed to support their hypothesis, Muizelaar et al concluding that absolute cerebral hyperaemia is uncommon in children with severe head injury.'0
The uncertainty concerning the pathophysiology of paediatric head injury extends to cerebral metabolism as well as cerebral blood flow. Swedlow et al reported increased cerebral metabolic rate and appropriately increased cerebral blood in some of the children they studied." I By contrast, Muizelaar et al concluded that cerebral metabolic rate was always depressed.'0 No previous study has investigated in detail the relation between cerebral blood flow and cerebral metabolic rate and time after head injury in children.
The importance of defining the nature of the changes in cerebral blood flow and metabolism that occur after severe head injury in children is emphasised by the high incidence of ischaemic brain damage found in neuropathological studies of the brains of children with fatal head injury. 20 The aims of this study were: firstly, to measure cerebral blood flow and cerebral metabolism serially in children who had a severe head injury and to define their relation to age, severity of head injury, time after injury, and outcome; and secondly, to examine the hypothesis that raised intracranial pressure in children with head injury is the result of increased cerebral blood flow.
Patients and methods

PATIENTS
Ethical approval for the study was granted by the local ethics committee and informed written consent was obtained from the parent or guardian. The study was performed in 21 children (mean age 8 (range 2-16) years) who had sustained a severe head injury and were receiving intensive care, including assisted ventilation (table) . The criterion for admission to the study was a Glasgow coma score'3 .8.14 In children younger than 4 years, the adaptation of the Glasgow coma score described by James and Trauner was used."5 The median Glasgow coma score was 6 (range 3-8).
MANAGEMENT
The clinical care of the children remained the responsibility of the admitting neurosurgical and anaesthetic teams. All were artificially ventilated. The aim of ventilation was to maintain Paco2 between 3 where CBF is cerebral blood flow, and A and V are the arterial and venous oxygen concentrations. In 10 children (48%) the first measurement was performed within 12 hours after injury and in 18 (86%) within 24 hours. The median time between injury and the first measurement in all 21 children was 13-0 (range 5 75-50) hours. In the three children with intracranial haematomas (cases 3, 9, and 11), all the measurements of cerebral blood flow were performed after surgical evacuation of the haematoma.
One measurement was associated with EEG evidence of seizure activity and has been excluded from further analysis. The Glasgow coma scores obtained from the 14 children who had a good or moderate outcome (mean 6 60) were significantly higher than those obtained from the seven children who had a poor outcome (mean 4-6; Student's t test, p = 0 011). In the first 24 hours, mean cerebral blood flow in patients who had a good or moderate outcome was 148~~~~~~~~~~~~~~~~~~~~~~~S 
Discussion
The results of this study do not support the proposal that children have raised cerebral blood flow after severe head injury. Instead, they confirm the findings of Muizelaar et al,'0 who concluded that absolute cerebral hyperaemia is an uncommon finding in such patients. Only one child in the present study had cerebral blood flow values consistently above or in the upper part of the range reported in normal children.2124 These findings are similar in nature to those previously reported in adults with severe head injury, [25] [26] [27] [28] and together with the lack of any relation between cerebral blood flow and age, suggest that there is no fundamental difference between adults and children in the pathophysiological response of cerebral blood flow to severe head injury.
In this study, raised intracranial pressure was associated with low, rather than increased, cerebral blood flow and thus does not support the hypothesis that raised intracranial pressure occurs as a result of excessive cerebral blood flow in children with head injury.3-5 The data support the conclusions of Muizelaar et al'°and suggest that it is unnecessary to avoid the use of mannitol in children with head injury.
Cerebral blood flow and AJVDo0 values in this study have been reported uncorrected for Paco2, despite the fact that the study children were electively hyperventilated (mean PaCo2 3-96 (range 2-1-5. If children with head injury are most at risk of sustaining ischaemic brain damage in the first few hours after injury then optimal management at this time may be of critical importance in determining eventual outcome. In particular, early hyperventilation to prevent raised intracranial pressure46 may run the risk of producing or exacerbating ischaemic damage in some patients. '9 There is an alternative hypothesis that might explain the apparent discrepancy between the low incidence of metabolic evidence for cerebral ischaemia noted in clinical studies and the high incidence of ischaemic injury found on neuropathological examination in patients with fatal head injuries and that would also account for the finding that children who died or survived with significant handicap had the lowest cerebral metabolic rates. This hypothesis has been propounded by Yang 
